1. Introduction
===============

Pancreatic cancer is still one of the leading causes of cancer-related death globally.^\[[@R1],[@R2]\]^ The prognosis of pancreatic cancer is fairly poor, because it is usually diagnosed at advanced stage.^\[[@R3]\]^ By now, there is no established prevention program of pancreatic cancer worldwide. Thus, it is meaningful to understand the etiology of pancreatic cancer and investigate the potential approaches to prevention and prediction of pancreatic cancer. The etiology of pancreatic cancer has been widely and extensively researched, and around two-thirds of the major risk factors may be modifiable and predictable.^\[[@R4]\]^ Some studies demonstrated the similar potential risk factors might be coexposed between pancreatic and gastric cancers.^\[[@R5]--[@R7]\]^

There were several meta-analyses that evaluated the association between *Helicobacter pylori* (Hp) infection and pancreatic cancer risk, but with inconsistent results (Table [1](#T1){ref-type="table"}).^\[[@R8]--[@R14]\]^ Particularly, a meta-analysis based on 5 prospective nested case--control studies previously found a potential causative association between the cytotoxin-associated gene A-negative (CagA−) strains and pancreatic cancer risk.^\[[@R9]\]^ In contrast, the CagA-positive (CagA+) strains did not correlate with pancreatic cancer risk. However, the limited sample size and the absence of prospective cohort studies were certain limitations of the meta-analysis. Additionally, atrophic gastritis (AG) is potentially linked with the progression from Hp-related gastritis.^\[[@R15],[@R16]\]^ Serological biomarkers, pepsinogen I/II, may well predict the AG status.^\[[@R17],[@R18]\]^ Whether this precancerous lesion is simultaneously predictive for pancreatic cancer risk remains pending. Aforementioned meta-analysis was performed based on a literature search up to September 2014 and only focusing on Hp infection other than AG status. The present updated meta-analysis was therefore warranted and aimed to achieve more robust evidence to understand the linkage between the pancreatic cancer risk and Hp infection or AG status as well.

###### 

Brief summary of current meta-analyses on the associations between Hp infection and pancreatic cancer risk.

![](medi-96-e7811-g001)

2. Methods
==========

2.1. Literature search
----------------------

The PubMed database was searched up to July 16, 2017 through the strategy: "English"\[Language\] AND ("pancreatic neoplasms"\[MeSH Terms\] OR ("pancreatic"\[All Fields\] AND "neoplasms"\[All Fields\]) OR "pancreatic neoplasms"\[All Fields\] OR ("pancreatic"\[All Fields\] AND "cancer"\[All Fields\]) OR "pancreatic cancer"\[All Fields\]) AND ("gastritis, atrophic"\[MeSH Terms\] OR ("gastritis"\[All Fields\] AND "atrophic"\[All Fields\]) OR "atrophic gastritis"\[All Fields\] OR ("atrophic"\[All Fields\] AND "gastritis"\[All Fields\]) OR "helicobacter pylori"\[MeSH Terms\] OR ("helicobacter"\[All Fields\] AND "pylori"\[All Fields\]) OR "helicobacter pylori"\[All Fields\]). The eligible language of publication was English only.

2.2. Eligibility, selection, and data retrieval
-----------------------------------------------

The eligible study design should be prospective cohort study or nested case--control study based on a certain prospective cohort study. Cancer-free participants at baseline were enrolled. Incident pancreatic cancer cases were ascertained during the follow-up periods. Either serological or histological examination of Hp infection or AG status was acceptable. The risks of pancreatic cancer were compared between persons infected and noninfected with Hp, as well as between with and without AG status at baseline. There was no limit of sex, age, and ethnicity of participants.

The literature selection of this update was performed by 2 independent reviewers (CYT and WR). The titles and abstracts were browsed as primary selection, and full-texts of potentially eligible studies were assessed as secondary selection. The detailed information of study and prevalence data were extracted by the 2 reviewer in the double-check manner. Prevalence data included sample sizes, events, and proportions. The estimates of effect size were also extracted, including either odds ratios (ORs) or hazard ratios (HRs) and their 95% confidence intervals (CIs). The procedures of this meta-analysis were performed according to the PRISMA 2009 standards, and a PRISMA flow diagram was drawn.^\[[@R19]\]^

2.3. Statistics
---------------

The Cochrane Review Manager (RevMan) 5.3 software was used for statistical analysis.^\[[@R20]\]^ The module of generic inverse variance was used for an effect estimate. The ratios and their lower limits of 95% CIs were used to calculate their standard errors (SE). ORs or HRs were combined by fixed or random effect model where suitable, and their 95% CIs were also calculated. The 2-sided *P* values for the combined ratios less than .05 were considered as statistically significant. Subgroup analysis on Hp was performed through stratifying CagA serostatus as CagA+ and CagA−. The overall serostatus of AG between pancreatic cancer patients and controls were initially combined in a meta-analysis. Although, because of the heterogeneous methods of stratification, it was unable to perform additional pooling subgroup analysis, regarding the diagnostic methods, severity of AG, or synchronous serostatus of Hp and CagA. Instead, a narrative summary of available ORs or HRs in different subgroups was presented. *I*^2^ was estimated to evaluate the heterogeneity of each meta-analysis. If the *P* values of heterogeneity test less than .1, the random effect model should be considered. Funnel plots were drawn by the STATA 12.0 software to observe and evaluate the publication bias.^\[[@R21]\]^ Both the Begg rank correlation test with continuity corrected and Egger linear regression test were used. Any *P* value less than .05 of Begg test or Egger test was considered as existence of publication bias. In Egger test, the intercept and its 95% CI were estimated. The leave-one-out method was always used in the sensitivity analysis for those meta-analyses pooling more than 2 studies. When result interpretation based on or related to a single study, the value of test power (1--β) was estimated by the PASS 11 software.^\[[@R22]\]^ The category of 2 independent proportions to test inequality was selected, and parameter module of proportions was used for calculation. Two-sided Z test (pooled) was provided with α = 0.05. If the power less than 0.80, the result was considered as potentially unreliable.

2.4. Ethics
-----------

The ethical approval was not necessary due to the nature of research based on literature.

3. Results
==========

3.1. *Helicobacter pylori* and pancreatic cancer
------------------------------------------------

Six nested case--control studies (4577 observations),^\[[@R14],[@R23]--[@R27]\]^ 1 prospective cohort study (9506 observations),^\[[@R28]\]^ and 1 case--cohort study (30,110 observations)^\[[@R29]\]^ were included (Fig. [1](#F1){ref-type="fig"}). In total, 44,193 observations were analyzed. The general information of the included nested case--control and cohort studies were shown in Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}, respectively.

![Flow diagram of literature search, screening, and selection.](medi-96-e7811-g002){#F1}

###### 

General information of included nested case--control studies.
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###### 

General information of included cohort studies.
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As a whole, the Hp infection was not associated with the pancreatic cancer risk (OR = 1.09, 95% CI 0.81--1.47, *P* = .58) by random effect model (Fig. [2](#F2){ref-type="fig"}A). Sensitivity analysis was performed by combining 2 cohort studies (Fig. [2](#F2){ref-type="fig"}B),^\[[@R28],[@R29]\]^ and also found a nonsignificant but tendentious association (OR = 1.61, 95% CI 0.97--2.67, *P* = .07). Sensitivity analyses by leave-one-out method did not alter the results also (data not shown).

![Meta-analyses on the risks of pancreatic cancer between *Helicobacter pylori* (Hp)+ and Hp− subpopulations: (A) overall pooling estimate; (B) sensitivity analysis based on 2 prospective cohort studies.](medi-96-e7811-g005){#F2}

Subgroup analysis was performed by classifying the Hp infection into CagA+ and CagA− strains. There were 5 studies additionally classifying the CagA serostatus.^\[[@R14],[@R23],[@R26]--[@R28]\]^ CagA+ strains (Hp+/CagA+) might not be associated with the pancreatic cancer risk (OR = 0.99, 95% CI 0.63--1.56, *P* = .96) by random effect model (Fig. [3](#F3){ref-type="fig"}A). In contrast, the infection with CagA− strains (Hp+/CagA−) might induce the increased risk of pancreatic cancer (OR = 1.30, 95% CI 1.05--1.62, *P* = .02) by fixed effect model (Fig. [3](#F3){ref-type="fig"}B). However, sensitivity analyses by leave-one-out method found when only the study by Risch et al^\[[@R14]\]^ was excluded, the association between CagA− strains and pancreatic cancer risk became nonsignificant (OR = 1.20, 95% CI 0.93--1.56, *P* = .17) (Fig. [3](#F3){ref-type="fig"}C) (other data not shown). The estimated power (1--β) of the study Risch et al^\[[@R14]\]^ was merely = 0.59.

![Meta-analyses on the risks of pancreatic cancer according to the CagA serostatus: (A) Hp+/CagA+ versus Hp−; (B) Hp+/CagA− versus Hp−; (C) sensitivity analysis by leave-one-out method for Hp+/CagA− versus Hp−. CagA = cytotoxin-associated gene A, Hp = *Helicobacter pylori*.](medi-96-e7811-g006){#F3}

3.2. Atrophic gastritis and pancreatic cancer
---------------------------------------------

Two cohort studies and 1 nested case--control study investigated the associations of AG status with pancreatic cancer risk, and 31,364 observations were analyzed (Tables [2](#T2){ref-type="table"}, [3](#T3){ref-type="table"}).^\[[@R27],[@R28],[@R30]\]^ As a whole, the AG status was not associated with pancreatic cancer risk (OR = 1.18, 95% CI 0.80--1.72, *P* = .40) (Fig. [4](#F4){ref-type="fig"}A). The leave-one-out sensitivity analysis did not find different results (data not shown). Narratively, the diagnostic methods and severity grading of AG were not associated with pancreatic cancer risk (Fig. [4](#F4){ref-type="fig"}B). Moreover, the serostatus of Hp might differ the AG-associated risk of pancreatic cancer. Huang et al^\[[@R27]\]^ found AG at stomach corpus might increase the risk of pancreatic cancer in the Hp-negative subpopulation (Hp−/CagA−), but with the estimated power (1--β) = 0.56 (other data not shown).

![(A) Meta-analysis on the risks of pancreatic cancer according to the atrophic gastritis (AG) status; (B) narrative demonstration of subgroups of AG status.](medi-96-e7811-g007){#F4}

3.3. Publication bias estimate
------------------------------

The publication bias was observed by the funnel plots and regression plots (Fig. [5](#F5){ref-type="fig"}). There was no obvious publication bias according to the Begg tests and Egger tests, with the only exception of the comparison between Hp+/CagA+ and Hp− (a marginal bias by Egger test, intercept = 4.52, 95% CI 0.26--8.77, *P* = .043).

![Estimated publication biases of meta-analyses: (A) Begg funnel plots; (B) Egger regression plots.](medi-96-e7811-g008){#F5}

4. Discussion
=============

This updated meta-analysis only included prospective epidemiologic studies and greatly expands the sample size. On the whole, the findings did not confirm the linkage of pancreatic cancer risk to either Hp infection or AG status. However, particular subpopulations were found to potentially have increased risks of pancreatic cancer. CagA− strains of Hp might be a causative factor of pancreatic cancer, but the sensitivity analysis did not fully confirm it. In 1 nested case--control study, AG at stomach corpus in the Hp-negative subpopulation might increase the risk of pancreatic cancer, but with a poor test power.

Hp has been defined by World Health Organization as a class I carcinogenic pathogen for gastric cancer,^\[[@R31],[@R32]\]^ while recent researches demonstrated the potential associations between Hp infection and extragastric malignancies, including colorectal and pancreatic cancer.^\[[@R33]--[@R37]\]^ The CagA is known as a common virulent factor of Hp.^\[[@R15]\]^ The presence of CagA (CagA+) was found to be significantly associated with increased risk of gastric cancer, while CagA− strains might not.^\[[@R28]\]^ It underlines the usefulness of screening the CagA serostatus and identifying the high-risk subpopulation, who may subsequently be treated to prevent gastric cancer in a personalization manner.^\[[@R38]\]^ Therefore, it is reasonable why more studies investigated the linkage between Hp infection and extragastric cancers, for the sake of potential predictive and preventive effect from Hp screening and eradication in a population framework.^\[[@R39]\]^

Interestingly, some previous evidence indicated CagA− Hp strains might be a causative factor for pancreatic cancer.^\[[@R9],[@R10]\]^ In this case, the subpopulation infected with CagA− strains may also be considered as candidates for the Hp eradication. This finding is a good challenge to the indication for the Hp eradication, regarding the prevention of not only gastric cancer but also pancreatic cancer. It is the additional evidence supporting the Kyoto global consensus on the necessity to treat all Hp positive individuals, regardless of CagA serostatus.^\[[@R40]\]^

However, additional evidence showed diverse results of the association between pancreatic cancer risk and Hp infection (Table [1](#T1){ref-type="table"}). Most of the meta-analyses included those small-scaled retrospective case--control studies.^\[[@R41]--[@R46]\]^ It may largely impair the robustness of power. An excluded nested case--control study did not classify CagA− status into Hp+/CagA− and Hp−/CagA−, and found no significant difference of pancreatic cancer risks between CagA+ and CagA− serostatus.^\[[@R47]\]^ On the other hand, the present updated meta-analysis based on all prospective studies did not confirm the linkage of pancreatic cancer risk to Hp infection and CagA serostatus. Therefore, the goal of translation of the Hp screening and eradication into the prediction and prevention of pancreatic cancer is unable to be achieved at this moment. Therefore, further high-quality epidemiologic studies focusing on the subpopulation infected with CagA− strains are required to obtain stronger power and more reliable suggestion. Besides, this epidemiologic finding warrants further biological investigations to reveal the mechanism behind the potential association of CagA− Hp with the pancreatic cancer risk.

AG is a precancerous lesion of gastric cancer, and possibly resulted from chronic Hp infection and related mucosal inflammation.^\[[@R48],[@R49]\]^ Serological biomarkers, pepsinogen I/II and gastrin-17, have been accepted to diagnose AG, by good consistence with the biopsy.^\[[@R50],[@R51]\]^ Truan et al^\[[@R52]\]^ found the pepsinogen was expressed in 38% of well differentiated, resectable pancreatic cancers. Smith et al^\[[@R53]\]^ found the gastrin, a gastrointestinal peptide, had a proliferative effect on pancreatic cancer cells. Therefore, it was hypothesized that the causative factors of AG might lead to pancreatic cancer development, or biomarkers of AG might also predict pancreatic cancer risk.^\[[@R30]\]^ Nevertheless, to date, the epidemiologic evidence is still sparse to clarify the linkage of pancreatic cancer to AG and its biomarkers. Particularly, 2 population-based cohort studies did not support the hypothesis.^\[[@R28],[@R30]\]^ Although Huang et al^\[[@R27]\]^ found the potential association between AG at stomach corpus and pancreatic cancer in the subpopulation infected with Hp+/CagA− strains, the test power was inadequate to avoid type II error. Namely, current evidence does not support the hypothesis and warrants further prospective studies to understand this issue.

The strengths of this updated meta-analysis mainly involve all prospective studies and greatly expanded the sample size compared to the previous. According to the Oxford 2011 levels of evidence,^\[[@R54]\]^ the cohort studies and nested case--control studies had better quality and higher level than the small-scaled retrospective case--control studies. The measurement of exposure factors, Hp and AG, at the baselines was able to rule out the inverse causation. In spite of that, a better study design should be a randomized controlled trial to identify the effectiveness of Hp eradication on preventing pancreatic cancer development. Because of difference study design, the HRs of cohort studies were additionally combined in a subgroup analysis, other than ORs of nested case--control studies. Besides, the interpretation of results is fully referred to the leave-one-out sensitivity analysis with caution, as well as the estimate of test power for individual study.

On the other hand, several limitations need carefully consider. First, a small proportion of Hp−/CagA+ serostatus represented the former infection of Hp,^\[[@R55]\]^ and this misclassification was unable to be ruled out in some included studies of the present meta-analysis. Second, the test power of individual study in subgroup analysis was inadequate for a confirmative conclusion. For example, only 46 incident pancreatic cancer were ascertained in the ESTHER cohort study.^\[[@R28]\]^ Third, the number of included studies for meta-analysis was limited, and publication bias might not be reliably estimated. Forth, the present meta-analysis only included the studies published in English, so the language bias should be considered with caution. We performed additional search with the alteration in publication language filter, limit to the non-English field. One Polish case--control study, out of 21 citations, compared Hp and CagA serostatus between pancreatic cancer patients and controls.^\[[@R44]\]^ The Polish study found null results that neither Hp nor CagA serostatus was associated with pancreatic cancer, and these findings were consistent with our major conclusion. Therefore, we supposed that the language bias might be minor and not alter the judgment.

In conclusion, based on current available prospective epidemiologic studies, meta-analysis may not warrant the linkage between pancreatic cancer risk and Hp infection or AG on the whole. Nevertheless, prospective studies only focusing on those specific subpopulations are further required to obtain better power.
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